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© Carbon thread and process for producing it 
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© In a carbon thread, vapor phase growth carbon 
fiber (VGCF) are dispersedly contained in a carbon 
matrix. The carbon thread is produced by forming a 
thread-like element from a mixture of VGCF and 
carbonizable carbon-containing compound and then 
by heat-treating the thread-like element to effect 
carbonization thereon. The thread-like element may 
be formed either by melt-spinning or solution-spin- 
ning the mixture, or by impregnably adhering the 
mixture onto a thread of heat resisting fibers. The 
carbonized carbon thread thus obtained may be 
subjected to further heat treatment to graphitize the 
carbon thread. 
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BACKGROUND OF THE INVENTION 

Fi Id of th Inv ntion 

The present invention relates to a high-con- 
ductivity carbon thread usable as a light, conduc- 
ts element, and, more particularly, to a graphitiz- 
ed carbon thread. The present invention also re- 
lates to a process for producing the high-conductiv- 
ity carbon thread. 

Related Background Art 

Carbon or graphite threads are produced in a 
m thod to bake fibers of polyacrylonttrile as re- 
ferred to as PAN or in a method to melt-spin a 
coal-originated or a petroleum pitch, to subject the 
spun fiber to infusible treatment, then to bake it, 
and, if necessary, further to effect thereon heat 
treatment at a high temperature for graphitization. 
Th former is called PAN-type carbon fibers and 
the latter pitch-type fibers. These fibers are gen- 
rally used for reinforcement. To obtain high elas- 
ticity and high strength, as many impurities pre- 
senting a hindrance upon the carbonization or the 
graphitization are removed as possible from the 
precursor material, i.e., PAN or pitch. However, the 
thus-produced carbon fibers using such refined 
precursor materials do not show enough conductiv- 
ity after the graphitization, for example, approx. 1 x 
10 3 S/cm of PAN type carbon fibers and approx. 2 
x 10 3 S/cm of pitch-type carbon fibers. It is consid- 
r d that this low conductivity is due to insufficient 
spreading of carbon hexagonal network even after 
th graphitization as a whole, allowing many grain 
boundaries and defects to still exist. 

On the other hand, vapor-phase growth carbon 
fibers as referred to as VGCF obtained by thermal 
decomposition of gasified organic compound at a 
high temperature show high conductivity, but gen- 
rally have a short fiber length. Therefore, use of 
VGCF is limited. Among them, VGCF as described 
in Japanese Unexamined Patent Publication Tok- 
kaisho 57-117622 are relatively long with an aver- 
age diameter of 10 urn and a length of approx. 20 
cm, while presenting satisfactory conductivity of 2 
x 10* S/cm after the graphitization. It is, however, 
difficult to use the VGCF as a conductive wire, 
since the fibers are discontinuous as well as lac- 
king in mass-producibility. 

SUMMARY OF THE INVENTION 

Th present inv ntion is int nded to provide a 
light, conductiv wir with strength, substitutable 
for m ta) conductive wires exhibiting insuffici nt 
str ngth comparativ to their weights. Mor specifi- 
cally, an object of th pr sent inv ntion is t pro- 



vide a long thread of carbon fiber with high con- 
ductivity, which has been impossible to be attained 
by conventional t chniques. Also, it is another ob- 
ject of the pres nt inv ntion to provide a process 

5 for producing such a carbon thread. 

The above objects of the present invention 
may be accomplished by a carbon thread in which 
vapor-phase growth carbon fibers are dispersedly 
contained in a carbon matrix. Such a carbon thread 

10 may be produced by either making thread-like a 
mixture of vapor-phase growth carbon fibers and 
carbon izable carbon-containing compound by melt- 
spinning or solution-spinning thereof, or impreg- 
nably adhering such a mixture onto a heat-resisting 

is fiber, and then effecting heat treatment on the thus- 
obtained thread for carbonization. If necessary, the 
above-obtained carbon thread may be subjected to 
further heat treatment to effect graphitization there- 
on, which may add an especially superior property 

20 to the thread. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 The vapor-phase carbon fibers or VGCF as a 
precursor of carbon thread of the present invention 
may be produced in a base plate method as dis- 
closed, for instance, in Japanese Examined Patent 
Publication Tokkosho 58-103528, in which a heat 

30 resisting base plate carrying growth nuclei of fine 
grain of transition metal is placed in a reactor, 
mixed gas of hydrocarbon and hydrogen is brought 
into contact with the base plate heated, for exam- 
ple, at 1030 to 1300*C for thermal decomposition, 

35 and fibers grow on the plate with diameters be- 
tween a few and several tens of urn and lengths 
between a few and several tens of cm. Also the 
VGCF may be produced in a fluid bed method as 
disclosed, for example, in Japanese Unexamined 

40 Patent Publication Tokkaisho 58-180615, in which 
growth nuclei of fine grain of transition metal are 
suspended in a reaction area of reactor heated at 
950 to 1300 # C, mixed gas of hydrocarbon and 
hydrogen is passed therethrough for thermal de- 

45 composition, and fibers grow there with diameters 
between 0.1 and 0.5 urn and lengths between 10 
and 500 urn. 

The VGCF, as produced in the above-de- 
scribed methods, are crushed to have lengths of 

so less than 5 mm with necessity. This crushing is not 
essential, but preferable because the VGCF not too 
long are ready to be blended with a carbonizable 
carbon-containing compound as is hereinafter 
call d as a matrix compound, and conv ni nt for 

55 the following proc ss s. Furth r, th VGCF may be 
heat-tr ated at a temperature between 1800 and 
2600 *C to b graphitized. This graphitization is not 
always necessary. It is because th graphitization 
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of VGCF readily proc eds upon high t mperature 
heat treatm nt aft r th formation of thread-like 
mixtur of VGCF. 

Furth rmor , th VGCF may be subjected to 
the nitric acid treatment, the plasma oxidation treat- 
ment, the coupling agent treatment, or other treat- 
ments on their surfaces, to reform the surfaces so 
as to improve the adhesive property thereof with 
the matrix compound. Such treatments are not 
ssential, so that no inconvenience may be caused 
without such treatments. 

The matrix compound, being one of raw ma- 
terials of the carbon thread, may be selected from 
PAN, pitch, or the like, which are generally used to 
produce carbon fibers, and 

carbonizable/graphftizable carbon-containing com- 
pounds such as thermoplastic resins, e.g., polyvinyl 
chloride, etc. and as thermosetting resins, e.g., 
phenol resins, furan resins, etc. In particular, it is 
preferable to choose a carbon-containing com- 
pound which may easily develop the graphite 
structure upon heat treatment. The matrix com- 
pound, however, is not limited to the above-listed 
materials, but may also be selected from materials 
within a scope of the present invention. 

When said VGCF and matrix compound are 
blended, the matrix compound may be heated to 
melt if necessary or may be liquefied by use of 
solvent or the like, whereby they are readily mixed 
together. Further, if close kneading of the mixture 
is required, conventionally known kneading ma- 
chines and methods may be properly employed. 

The blending ratio of VGCF to the matrix com- 
pound normally ranges 1 to 80% by weight though 
depending on a shape of VGCF, a kind or a prop- 
erty of matrix compound, and others. K the blend- 
ing ratio is below 1 % by weight the carbon thread 
thereof fails to have sufficiently high conductivity. If 
it is over 80% by weight producing uniform carbon 
threads is difficult. 

To obtain the thread-like form of the above 
mixture in the present invention, the mixture is 
xtruded and spun from a spinning nozzle by 
means of the melt-spinning or the solution spin- 
ning. The spun thread may be stretched to en- 
hance the orientation of VGCF with necessity. 
When the pitch or the thermoplastic resins such as 
polyvinyl chloride, etc. are used as the matrix com- 
pound, the spun thread thereof is heat-treated, for 
xample, at a temperature below 600 °C in air for 
the infusible treatment, and further baked, for ex- 
ample, at a temperature lower than 2000 * C in an 
inert gas atmosphere to form the carbon thread. 

Also, wh n th th rmosetting resins ar used 
as the matrix compound providing th mixtur of 
liquid form, the liquid mixtur may b impregnated 
with and adhered to a core mat rial f heat-r sist- 
ing fibers such as glass fibers, carbon fibers, ar- 



amid fibers, etc. The thus-obtained thr ad-lik le- 
ment is carbonized in the same method as de- 
scribed above, to provide the carbonized thread. 
Th carbon thread produced as d scribed 

5 above has an excellent conductive property, since 
the VGCF of superior conductivity are dispersedly 
contained in the carbon matrix. The carbon thread 
may be changed into a graphitized carbon thread 
by further heat-treatment at a temperature over 

70 2000 °C in an inert gas atmosphere. During the 
graphitization, the VGCF is also further graphitized 
as well as the carbon matrix, so that the carbon 
thread thus obtained has more excellent conductiv- 
ity. 

15 

(Example 1) 

Fifty parts by weight of VGCF with an average 

diameter of 0.3 urn and an average length of 100 
20 urn, which were produced in the fluid bed method 

as described in the afore-mentioned Tokkaisho 58- 

180615, and a hundred parts by weight of coal tar 

pitch with a softening point of 80 *C were made 

molten to mix together. After melt-spinning the 
25 mixture, the thread was subjected to the infusible 

treatment at a temperature of 350 °C in air. Then 

the thread was baked for thirty minutes at 2800 *C 

in an argon atmosphere to be graphitized. 

The conductivity was measured of the thus- 
30 obtained graphitized carbon thread with a diameter 

of 0.02 mm by the four terminal method. The 

measured value of conductivity was 2x10* S/cm. 

(Example 2) 

35 

Fifty parts by weight of VGCF as in Example 1 
with the average diameter of 0.3 urn and the aver- 
age length of 100 urn and fifty parts by weight of 
resol-type phenol resin in ethanol were uniformly 

40 mixed. PAN-type carbon fibers (TORAY, T-300, 
number of filaments: 1000, total size: 66 g/1000 m, 
density: 1.76 g/cm 3 ) as a core material were dip- 
ped in the above mixture, taken out thereof, and 
dried for thirty minutes at 80* C. Further, two more 

45 cycles of this operation were repeated, whereby 
thread-like elements were obtained, in which the 
VGCF mixed resin was adhered by 54 g/1000 m. 

The thread-like elements were subjected to the 
heat treatment at 180* C to be hardened, then to 

50 the oxidation treatment at a temperature of 350 *C 
in air, and further to the graphitization by baking 
them for thirty minutes at 2800 *C in the argon 
atmosphere. 

Th conductivity was m asured of th thus- 

55 obtained graphitized carbon thread with a diamet r 
of 0.3 mm by the four t rminal method. The mea- 
sured value f conductivity was 1.2 x 10* S/cm. 
As described abov , the pr sent inv ntion pro- 
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vides th carbon threads having an xcell nt con- 
ductivity as compared with conventional carbon 
thr ads. Th carbon thread of th pr sent invention 
is light and high in chemical r sistance with the 
high conductivity, so that it may be suitably used 5 
as a conductive wire. 



10. A process for producing a carbon thread ac- 
cording to Claim 9, further comprising a step 
to graphitize th carbonized thread. 



Claims 



1. A carbon thread in which vapor phase growth 10 
carbon fibers (VGCF) are dispersedly contain- 
ed in a carbon matrix. 



2. A carbon thread according to claim 1, wherein 

said carbon matrix is graphite. 75 

3. A process for producing a carbon thread in 
which VGCF are dispersedly contained in a 
carbon matrix, comprising a first step to form a 
mixture of VGCF and carbonizable carbon-con- 20 
taining compound, a second step to form a 
thread from said mixture, and a third step to 
carbonize said thread to obtain the carbon 
thread. 

25 

4. A process for producing a carbon thread ac- 
cording to Claim 3, further comprising a step 
to graphitize said carbon thread. 

5. A process for producing a carbon thread ac- 30 
cording to Claim 3, wherein said second step 
comprises spinning said mixture. 

6. A process for producing a carbon thread ac- 
cording to Claim 3, wherein said second step 35 
comprises impregnably adhering said mixture 
onto a heat resisting fiber thread. 

7. A process for producing a carbon thread in 
which VGCF are dispersedly contained in a ao 
carbon matrix, comprising a first step to spin a 
mixture of VGCF and carbonizable carbon-con- 
taining compound and a second step to heat- 
treat the spun thread of mixture for carboniza- 
tion thereof. 45 



8. A process for producing a carbon thread ac- 
cording to Claim 7, further comprising a step 
to graphitize the carbonized thread. 

50 

9. A process for producing a carbon thread in 
which VGCF are dispersedly contained in a 
carbon matrix, comprising a first step to im- 
pregnably adher a mixture of VGCF and car- 
bonizable carbon-containing compound onto a 55 
heat-resisting fiber thread, and a second step 

t heat-treat the mixtur adh red thread for 
carbonization th reof. 
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